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Introduction
Wool is a natural fiber predominantly composed of 
keratin proteins with an external lipid content (lanolin) 
and with a minor internal lipid content (1.5%). Internal 
wool lipids (IWLs) are rich in cholesterol, free fatty acids, 
cholesteryl sulfate, and, mainly, ceramides. These lipids 
resemble those found in membranes of other keratin 
tissues, such as human hair or stratum corneum from 
skin (Coderch et al., 1995; Schaefer and Redelmeier, 
1996). 
Ceramides, which are derivatives of sphingosine or 
phytosphingosine in amide linkage with nonhydroxy, 
-hydroxy, and -hydroxy acids, are the main com-
ponent of the intercellular lipids in stratum corneum. 
These lipids play an essential role in maintaining and 
structuring the lipid barrier, which affords protection 
against external insults and water loss through the skin 
(Coderch et al., 2003b; Wartewig and Neubert, 2007). 
The presence of phospholipids was considered a 
 condition for the formation of bilayers and liposomes, 
since bilayer-forming lipids consist  predominantly 
of phospholipids in all other biological mem-
branes. However, stratum corneum lipids, in which 
 phospholipids are practically absent, have been proven 
to form stable liposomes (Gray and White, 1979).
Liposomes represent a model for more complex bio-
logical membranes in biophysical and medical research 
because of the lipid bilayer structural similarity. 
Moreover, liposomes have been the subject of numerous 
studies because of their importance as microencapsula-
tors for drug delivery and their applications in cosmet-
ics (Teschke and de Souza, 2002; Lian and Ho, 2001; 
Betz et al., 2005). Liposomes containing synthetic lipid 
mixtures approximating the composition of stratum 
corneum lipids have been tested as a model in order to 
study stratum corneum properties and as a formulation 
to improve skin condition or to repair skin damage (de la 
Maza et al., 1995; Coderch et al., 2002a).
Internal lipids of keratin fibers, such as wool and 
human hair, extracted at laboratory level have been 
shown to form stable liposomes and hence bilayer 
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structures in aqueous media (Körner et al., 1995; 
Fonollosa et al., 2000b, 2004). Besides, IWL liposome 
application has been proved to confer better proper-
ties to human hair and skin. Whereas IWL liposomes 
applied onto the skin reinforce the skin-barrier integrity 
and increase its water-holding capacity (Corderch et al., 
2002a; de Pera et al., 2000), the application of IWL lipo-
somes to chemically treated hair samples leads to an 
improvement in the mechanical strength of the fibers 
(Méndez et al., 2008). Therefore, IWL extracts structured 
as liposomes seem suitable for incorporation into phar-
maceutical or cosmetics formulations in the treatment 
and care of skin (Corderch et al., 2000) and human hair 
(Kelly et al., 2007).
This work was focused on the formation of liposomes 
with IWLs rich in ceramides, obtained at pilot plant level 
with nonchlorinated organic solvent extraction, using 
methanol and acetone as solvents. The characteristics of 
the liposomes formed with the two IWL extracts, whose 
composition is different, were studied and improved by 
adding different amounts of sterol sulfate.
Experimental procedures
Extraction procedures
Raw Spanish Merino wool samples supplied by SAIPEL 
(Terrassa, Spain) were used for lipid extraction. Prior to 
the extraction, raw wool was industrially cleaned, fol-
lowing the procedure previously described (Ramírez 
et al., 2008). IWLs were obtained at pilot plant level with 
organic solvent extraction, using methanol and acetone. 
The extraction procedure consisted in a pump-forced 
reflow system. First, 28 kg of wool were extracted for 7.5 
hours. The extraction temperature was 45°C for metha-
nol and 40°C for acetone. After distillation, the two lipid 
extracts were concentrated and stored in chloroform/
methanol (2/1, v/v) at –20°C until their analysis (Ramírez 
et al., 2008).
Lipid analysis
The quantitative analysis of the IWLs was performed by 
thin-layer chromatography coupled to an automated 
flame ionization detector (TLC-FID) Iatroscan MK-5 
analyzer (Iatron, Tokyo, Japan), following the analysis 
methodology referred to in earlier works (Fonollosa 
et al., 2000a; Corderch et al., 2002b). Samples (15–20 g) 
were spotted on silica gel S-III chromarods, using an SES 
(Nieder-Olm, Germany) 3202/15-01 sample spotter. 
An analysis of apolar and polar compounds was per-
formed by developing the rods initially to a distance of 10 
cm with n-hexane/diethyl ether/formic acid (53:17:0.3, 
by volume) to separate apolar and polar lipids. After a 
partial scan of 85% to quantify and eliminate the apolar 
lipids, a second development, again to a distance of 10 
cm, was performed with chloroform/n-hexane/metha-
nol/acetone (55:5:3:7, by volume) to separate the cera-
mides. Following a partial scan of 85% to quantify and 
eliminate the ceramides, a third development, again to 
a distance of 10 cm, was performed with chloroform/
methanol/formic acid (57:12:0.3, by volume) to separate 
and quantify, after a total scan of 100%, the glycosilcera-
mides and sterol sulfate. After each elution, the rods were 
heated for 5 minutes at 60°C to dry the remaining solvent. 
The experimental conditions were: air flow 2000 mL/min, 
hydrogen flow 160–180 mL/min, and scanning speed 2–3 
mm/s. Data were processed with Boreal version 2.5 soft-
ware (JMBS Development, Grenoble, France).
These procedures were applied to the following 
standard compounds: palmitic acid and cholesterol 
from Fluka Chemicals (Buchs, Switzerland), type II cera-
mides, cholesterol ester, galactoceramides, and sodium 
cholesteryl sulfate from Sigma (St. Louis, Missouri, USA) 
to determine the corresponding calibration curves for 
quantification of each compound.
Liposome formation and evaluation
IWLs from methanol extract and IWLs obtained with 
acetone extraction alone or with some extra amount of 
sterol sulfate (sodium cholesteryl sulfate) were used to 
form liposomes. Liposomes were prepared by evaporat-
ing the chloroform/methanol solvent to dryness under a 
stream of dry nitrogen to form a thin film on the flask. The 
lipid film was hydrated to give a final lipid concentration 
of 1.5 mg/mL. The buffer used was an 0.2M phosphate 
solution with 0.9% NaCl adjusted to a pH of 7.4.
Liposomes were formed by the application of ultra-
sounds. The experimental setup used was composed of a 
probe-type ultrasound source (20 kHz Sonics and Materials 
Vibracell CV 33, Newtown, Connecticut, USA) fitted with a 
3mm diameter titanium microtip. Power delivery was con-
trolled as percentage amplitude. The reaction vessel was an 
open glass cell (diameter 19 mm and height 75 mm), which 
contained 15 mL of sample solution. The sonochemical 
reactor temperature was controlled via a thermo-stated 
water bath with a heat exchanger placed within a thermo 
jacket cell; this gave a steady operating temperature of 
50°C (± 1°C), which was higher than the transition tem-
perature of IWLs (Corderch et al., 2003a; Méndez et al., 
2007). Sonication was carried out with a total treatment 
of 18 minutes and monitored in 3 minutes increments. All 
the experiments were made by using a pulsed duty cycle 
of 8 seconds on, 2 seconds off. The ultrasonic treatment of 
the liposomes was carried out at an amplitude of 40% and 
using the depth of 38.5 mm (from the base of the vessel). 
These conditions were selected according to preliminary 
studies (Little et al., 2007; Silva et al., 2008).
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Liposome vesicle size distribution, polydispersity 
index, and zeta potential were measured by using dynamic 
light scattering (Zetasizer Nano ZS, ZEN3600; Malvern 
Instruments Ltd., Malvern, Worcestershire, UK). Samples 
were diluted from 1.5 to 0.15 mg/mL. A glass cell was used 
to determine size distribution and polydispersity index, 
whereas zeta potential was measured by using folded cap-
illary cells. The cells were filled with the samples, and all 
the experiments were thermostatically controlled (50°C). 
The samples were measured at a scattering angle of 173 
degrees. Thus, the data obtained were collected and ana-
lyzed by using the program DTS (dispersion technology 
software) provided by Malvern Instruments Ltd.
Results and discussion
Lipid extraction and analysis
Raw Spanish Merino wool was extracted at pilot plant 
level in order to obtain the lipid extract rich in ceramides. 
Merino wool from Spain was used because its internal 
lipid composition resembles that found in the stratum 
corneum from the skin (Corderch et al., 2002b). The 
extraction was performed with methanol and acetone, 
using the conditions described in the experimental pro-
cedures section. These solvents were chosen as extrac-
tors to avoid the use of chlorinated solvents, which are 
widely used at laboratory level (Corderch et al., 2002b).
Quantitative analysis of the two different lipid 
extracts were carried out by TLC-FID, following the 
methodology reported in earlier papers (Fonollosa 
et al., 2000a; Corderch et al., 2002b). The different lipid 
families were quantified as sterol esters (ST-ESs), free 
fatty acids (FFAs), sterols (STs), ceramides (CERs), gly-
cosilceramides (GLYCERs), and sterol sulfate (ST-SUL). 
The amount of these components analyzed, expressed 
in percentages over total weight extracted, is listed in 
Table 1, and expressed in percentages on total lipid ana-
lyzed (% o.l.a.), as shown in Figure 1.
A comparison of the extracts obtained with solvent 
extraction at pilot plant level showed that methanol 
extract was richer in FFAs and polar lipids, such as 
GLYCERs and ST-SUL, whereas acetone extract was 
richer in ST-ESs. The percentage of STs and CERs was 
slightly higher in acetone extract than in methanol 
extract. The percentage of the main lipids analyzed was 
similar in both extracts: 65% for methanol extract and 
63% for acetone extract. The rest of the compounds, 
which were not quantified, could be triglycerides, fatty 
alcohols, oxidized compounds, and proteins.
Liposome formation with methanol and acetone 
extracts
In previous works, the IWLs extracted with Soxhlet at 
the laboratory level, whose composition is similar to the 
one present in the stratum corneum, have been demon-
strated to be capable of forming liposomes with a stable 
bilayer structure (Körner et al., 1995; Fonollosa et al, 
2000b, 2004). This vesicular structure, which mimics the 
organized lipid structures of the stratum corneum, offers 
a suitable strategy for achieving an accurate vehiculiza-
tion of a particular compound and for incorporating 
additional lipid content that may reinforce the barrier 
function of the skin (Schmid and Korting, 1993; Fresta 
and Puglisi, 1997; Coderch et al., 1999). In a previous 
study (Coderch et al., 2002a), the topical application 
effects of the same lipid mixtures formulated in an oily 
solvent used as an emollient or in an aqueous saline 
solution structured in liposomes were investigated. The 
importance of the bilayer structure of the formulations, 
which induced the highest hydration properties, should 
be highlighted. Further, in different studies (Coderch 
et al., 2002a; de Pera et al., 2000), in which the ability 
of liposomes to repair human skin previously damaged 
has been evaluated, slightly better results were obtained 
with IWL liposomes, which contained a mixture of 
natural CERs, when compared with stratum corneum 
liposomes (modeling stratum corneum lipids using a 
Table 1. Amount of sterol esters (ST-ESs), free fatty acids (FFAs), sterols (STs), ceramides (CERs), glycosilceramides (GLYCERs), and sterol sulfate 
(ST-SUL) expressed as percentages of the total lipid weight extracted.
Extract ST-ES FFA ST CER GLYCER ST-SUL % total lipids analyzed
Methanol 4.93 16.27 7.16 23.73 5.52 7.91 65.52
Acetone 9.75 13.50 7.75 25.00 3.25 3.75 63.00
Li
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Figure 1. Amount of sterol esters (ST-ESs), free fatty acids (FFAs), 
sterols (STs), ceramides (CERs), glycosilceramides (GLYCERs), and 
sterol sulfate (ST-SUL) expressed as percentages of the total lipid 
weight analyzed (% o.l.a.).
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synthetic lipid mixture), which had only one type of CER 
present in the formulation.
In the present work, the formation of liposomes was 
explored by using the different lipid extracts obtained with 
organic solvent extraction at the pilot plant level, previously 
analyzed to determine their composition. Liposomes were 
formed with IWLs extracted by methanol and acetone, 
using ultrasounds. The ultrasound conditions used, which 
are detailed in the experimental procedures section, 
were fixed in all the experiments in order to influence, in 
the same way, the physical characteristics of the vesicles 
formed from the different extracts (Pereira-Lachataignerais 
et al., 2006). Liposomes characteristics were measured with 
a Zetasizer Nano ZS (Malvern Instruments Ltd., Malvern, 
Worcestershire, UK) every 3 minutes of sample sonication.
The variation of the vesicle diameter of liposomes 
prepared from lipids extracted by methanol and acetone 
with sonication time can be visualized in Figure 2. Higher 
vesicle diameter was obtained for liposomes formed 
with IWLs extracted by acetone at all stages of the ultra-
sound process. Moreover, the polydispersity index after 
applying ultrasound for 18 minutes was about 0.25 for 
liposomes formed with methanol extract and 0.50 for 
liposomes formed with acetone extract. The different 
behavior between methanol and acetone extracts when 
liposomes were prepared may be due to the different 
lipid extract composition.
Addition of sterol sulfate
The CERs in stratum corneum lipids appear to be insuf-
ficient for bilayer formation, perhaps because they are 
not ionized at physiologic pH. FFAs and ST-SUL, which 
are also present in stratum corneum lipids, are ionized 
at physiologic pH and their presence was reported to be 
necessary to the bilayer formation (Wertz et al., 1986). 
Therefore, the different physical characteristics of lipo-
somes formed with acetone extract, with respect to 
methanol extract, may be related to the lower amount of 
FFAs and ST-SUL contained in acetone extract. 
In order to improve the characteristics of the lipo-
somes formed, different quantities of ST-SUL were added 
in acetone and methanol extracts. Whereas methanol 
extract contained 8% of ST-SUL in its composition, only 
4% was present in the acetone extract. Therefore, 6% of 
ST-SUL was added to methanol extract and 3% and 9% of 
ST-SUL were added to acetone extract to achieve a similar 
final percentage of ST-SULs in both extracts. Moreover, 
the composition of the different extracts enriched in 
ST-SUL approaches to the one present in stratum cor-
neum and hair lipids. The five samples obtained by add-
ing the different amounts of ST-SUL to methanol and 
acetone extracts are indicated in Table 2.
The formation of liposomes with the five samples, 
which contain a different amount of ST-SUL, was inves-
tigated. These liposomes were formed by the application 
of ultrasounds for 18 minutes, following the procedure 
detailed in the experimental section. Liposome vesicle-
size distribution, polydispersity index, and zeta potential 
were measured every 3 minutes of sample sonication. 
The results obtained showed that 9 minutes were 
enough to achieve these vesicles with stable character-
istics. The variation of the vesicle diameter, polydisper-
sity index, and zeta potential of these liposomes, with 
respect to the percentage of ST-SUL, at 9 minutes of 
sonication, is shown in Figure 3,Figure 4, and Figure 5, 
respectively.
When the percentage of ST-SUL in acetone extract 
increases until 7%, the vesicle diameter and the polydis-
persity index of the liposomes formed diminish abruptly. 
However, an increase of up to 13% only slightly dimin-
ishes the vesicle diameter and polydispersity index. The 
physical behavior of liposomes formed by methanol 
extract is similar when the extracts contained 8% or 14% 
of ST-SUL in their composition. Therefore, liposomes 
prepared from lipids extracted by acetone could achieve 
similar vesicular diameter and polydispersity index to 
liposomes prepared from lipids extracted by methanol 
when 7% of ST-SUL is present in their composition.
The results obtained in the zeta potential of the five 
samples show the different behavior of the liposomes 
formed by methanol and acetone extracts when the 
Table 2. Amount of sterol sulfate (ST-SUL) added and final amount 
of the different samples.
Extract % ST-SUL added % ST-SUL final
Methanol
0 7.9
6 13.9
Acetone
0 3.8
3 6.8
9 12.8
The results are expressed as percentages of the total lipid weight 
extracted.
Figure 2. Variation of the vesicle diameter with ultrasound sonica-
tion time of IWLs extracted with methanol or acetone.
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amount of ST-SUL was modified. Whereas the zeta poten-
tial of liposomes formed with acetone extract are almost 
independent on the percentage of ST-SUL, in liposomes 
formed with IWLs extracted by methanol, the zeta poten-
tial sharply decreases in magnitude when the percentage 
of ST-SUL increases. The lower value of zeta potential for 
the methanol extract, compared with the acetone extract, 
may be due to the higher amount of negative charges 
because of the higher amount of FFAs and ST-SUL in 
the methanol extract. However, the zeta potential does 
not directly depend on the charges of the different com-
ponents of the lipid bilayer; it is basically related to the 
charges on the surface, which depends on the structure 
of the bilayer and the amount of surface, which is higher 
when the vesicles are smaller. Therefore, the increase in 
magnitude for the acetone extract when ST-SUL is added 
may be mainly due to a decrease in vesicle size, so the 
negative surface increases. However, when the size is 
small enough and more ST-SUL is added, the ratio of 
ST-SUL/FFAs increases and the higher volume of ST-SUL 
may supplant more molecules of FFAs with the final result 
of less negative charges at the surface of the vesicles.
Liposomes stability
In order to study the stability of the methanol and acetone 
extracts with a different percentage of ST-SUL in their 
composition, the vesicle diameter and polydispersity 
index of the different liposome samples were analyzed 
with a Zetasizer Nano ZS for 14 days. The results obtained 
are indicated in Table 3 and in Figure 6 and Figure 7.
The results obtained for methanol extract show that 
the increase of the vesicular diameter is more significant 
in liposomes prepared with 8% of ST-SUL (from 187.5 
to 530.6 nm after 7 days since their formation) than in 
liposomes formed with 14% of ST-SUL (from 129.7 to 
337.7 nm after 14 days since their formation). Therefore, 
liposomes prepared from lipids extracted by methanol 
are more stable during all the study when 14% of ST-SUL 
is present in its composition.
The vesicular diameter of the liposomes formed with 
the original acetone extract with only 4% of ST-SUL 
Figure 3. Variation of the vesicle diameter with the percentage of 
sterol sulfate in the lipid extracts.
0
0 2 4 6 8 10 12 14
% Sterol Sulfate
Ve
si
cl
e 
D
ia
m
et
er
 (n
m
)
200
400
600
800
1000
Methanol
Acetone
Figure 4. Variation of the polydispersity index with the percentage of 
sterol sulfate in the lipid extracts.
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Table 3. Stability of liposomes: vesicular diameter (d) and polydispersity index (PI).
  Day 0 Day 7 Day 14
Extract % ST-SUL final d (nm) PI d (nm) PI d (nm) PI
Methanol
7.9 187.5 0.247 530.6 0.393 504.6 0.269
13.9 129.7 0.159 254.3 0.351 337.7 0.409
Acetone
3.8 695.4 0.504 485.0 0.491 354.0 0.454
6.8 269.2 0.207 327.3 0.250 353.5 0.270
12.8 125.8 0.055 158.4 0.111 160.9 0.114
Figure 5. Variation of the zeta potential with the percentage of sterol 
sulfate in the lipid extracts.
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diminishes after 14 days since their formation. However, 
the physical characteristics of the liposomes formed 
with the acetone extract when different percentages of 
ST-SUL are added in their composition are quite constant 
during all the study. Consequently, liposomes prepared 
from lipids extracted by acetone are more stable when 7 
and 13% of ST-SUL is present in its composition.
Even though a longer term study of liposome stabil-
ity would have been more accurate, the results derived 
from this 14-day liposome stability study showed that 
the variation of the vesicular size between the first and 
the last day diminishes when the percentage of ST-SUL 
increases in their composition. 
Therefore, the addition of ST-SUL in IWL extracts can 
be used to improve the characteristics and stability of IWL 
liposomes. Thus, these liposomes enriched in ST-SUL can 
be applied onto the stratum corneum of skin and hair 
because of their stable bilayer structure approximating 
the lipid composition of these keratin tissues. Moreover, 
these IWL liposome samples could be processed as 
hydrogels to obtain viscous products suitable for applica-
tion onto skin and hair (Esposito et al., 2007).
Conclusions
IWL extract composition is different, depending on the 
extraction solvent used. IWLs extracted with organic 
solvents, using methanol, are richer in FFAs and polar 
lipids (GLYCERs and ST-SUL), whereas IWLs extracted 
with acetone are richer in apolar lipids, such as ST-ESs.
The IWL extract composition greatly influences the 
characteristics of the liposomes formed. Vesicular size 
and polydispersity index of the liposomes formed were 
smaller when the extract composition contained a high 
proportion of FFAs or ST-SUL. Moreover, liposomes 
prepared from lipids extracted by acetone could reach 
similar vesicular diameter and polydispersity index to 
liposomes prepared from lipids extracted by methanol 
when 7% of ST-SUL is present in their composition.
A clear negative charge is present at the external sur-
face of all liposomes formed with the two extracts. The 
different behavior of zeta potential and stability by the 
addition of ST-SUL in liposomes formed by methanol 
and acetone extracts may be due to the different compo-
sition of other lipids in the two extracts. 
In the present work, we obtained stable, small lipo-
somes with a low polydispersity index by adding differ-
ent amounts of ST-SUL to liposomes formed with CERs 
extracted from wool similar to the present in the stratum 
corneum and the human hair. This natural mixture, with 
a keratinaceous origin, could have a special interest for 
cosmetic or dermopharmaceutical companies.
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